The approach to the diagnosis of acute pulmonary embolism (PE) is under constant revision with advances in technology, noninvasive approaches, and increasing awareness of the risks of ionizing radiation. Optimal approaches in some categories of patients are controversial. Data are insufficient for evidence-based recommendations. Therefore, this survey of investigators in the field was undertaken. Even among experts there were marked differences of opinion regarding the approach to the diagnosis of acute PE. Although CT pulmonary angiography was usually the imaging test of choice, the respondents were keenly aware of the dangers of ionizing radiation. In view of advances in scintigraphic diagnosis since the Prospective Investigation of Pulmonary Embolism Diagnosis (PIOPED) trial, ventilation/perfusion (V/Q) lung scans or perfusion scans alone and single photon emission computed tomography (SPECT) V/Q lung scans are often recommended. The choice depends on the patient's age, gender, and complexity of the findings on the plain chest radiograph.
Methods
The Consensus Group consists of investigators who have published in the field of PE. This consensus report is unsponsored; we do not represent any organization. The opinions are those of the 33 investigators who responded to an invitation to 72 investigators to participate in the survey (Appendix). The investigators were selected from those who published on the subject of diagnosing venous thromboembolism (VTE). We did not attempt-nor would it be realistic-to obtain a consensus statement. Such a statement would be attenuated by compromise. Majority and minority opinions, therefore, were tabulated and presented.
Questions Regarding the Diagnosis of Acute PE Question 1. Should CT venography be obtained with 64-detetor CTA in patients with suspected acute PE?
Background question 1. In the PIOPED II 1 , the sensitivity for detecting PE with a CT venography in combination with CTA (typically 4-detector) was higher, 90%, than with CTA alone, 83%. Computed tomographic venography and compression ultrasound (US) showed similar results in diagnosing or excluding deep venous thrombosis (DVT). 2 The radiation dose of CT venography 3 of the pelvic and leg veins was calculated as 9.1 mSv and 8.3 mSv for CT. 4 The dose could be reduced to 2.0 mSV using 5 mm axial discontinuous sections with 15 mm skip, automated current modulation, and scanning from the acetabulum to the knees rather than the iliac crest to the knees. 3 Neither exclusion of the pelvic veins 2 nor discontinuous imaging 3 resulted in the loss of diagnostic sensitivity.
Among 1903 patients with suspected PE who were evaluated by 64-detector CT, 206 (10.8%) were shown to have PE by CTA and an additional 25 (1.3%) had VTE based on a positive CT venogram with a negative CTA. 5 A 1.3% yield would seem poorly cost-effective. On the other hand, among the 231 patients shown to have VTE, 25 (10.8%) were diagnosed by CT venography alone. From this viewpoint, the proportion diagnosed by CT venography is sufficiently high to merit consideration of its use.
Answers to question 1 (32 responded; Figure 1 ). Yes. CT venography should be obtained in combination with CTA. The risk from radiation is small compared to the benefits of additional diagnoses of VTE; n ¼ 6 (19%). No. CT venography is unnecessary with CTA. The risk from radiation outweighs the benefits of additional diagnoses of VTE; n ¼ 14 (44%). Computed tomographic venography should be obtained or avoided based on the riskÀbenefit ratio in an individual patient. For example, a patient with a high risk of lower extremity DVT or an elderly patient with low risk of radiation effect and limited cardiopulmonary reserve should both have CT venography routinely; n ¼12 (38%).
Comments regarding answers to question 1. Some commented that they recommend obtaining venous ultrasound of the lower extremities instead of CT venography. Ultrasound would be indicated particularly in patients with a negative CTA and high clinical suspicion of DVT or PE. These results are consistent with data based on 2005 Medicare ''5% research identifiable claims data'' that showed that 15% of patients who had CTAs also had CV venography, and 17% also had venous ultrasound. 6 Question 2. Is a perfusion lung scan (without a ventilation scan) an appropriate first choice for diagnostic imaging in patients with a normal or nearly normal chest radiograph after triage with D-dimer and clinical assessment?
Background to question 2. The V/Q lung scan fell into disfavor after the PIOPED. 7 The majority of patients had either an intermediate probability assessment (39%) or low probability assessment (34%), both of which are indeterminate for PE. 7 Now, two decades since PIOPED was published, advances have been made in imaging equipment, improved methods of interpretation, and new radiopharmaceuticals. Improved diagnostic criteria include the revised PIOPED criteria, 8 Prospective Investigative Study of Acute Pulmonary Embolism Diagnosis (PISAPED) criteria, 9 very low probability interpretation, 10 mismatched vascular defects, 11 stratification according to prior cardiopulmonary disease, 12 stratification of the number of mismatches required for diagnosis according to clinical assessment, 13 and the new European guidelines. 14, 15 With such advances, and recognizing the risk of radiation with CTA, radionuclear imaging is receiving renewed interest.
Among patients in PIOPED II, most of whom were outpatients, 72% had a normal or nearly normal chest radiograph. 16 Among those with a normal chest radiograph, only 11% had nondiagnostic perfusion scans 16 using modified PIOPED II criteria. There were no nondiagnostic perfusion scans among patients with a normal or nearly normal chest radiograph when interpreted by the PISAPED criteria. 16 Readers using the PIOPED II criteria categorized the chest radiographs as ''normal/near normal'' if there was no parenchymal opacity apart from a few small (<1 cm) nodules. 16 Normal/ nearly normal chest radiographs also included those with diffuse lung disease with low abundance and opacity of radiographic abnormalities, no bullae, no pleural effusion or opacity greater than costophrenic sulcus, and no extrapulmonary (e.g., cardiac or mediastinal contour) abnormality large enough to obscure most of the lungs. Oligemia was not considered abnormal.
Readers using the PISAPED criteria categorized the chest radiographs as normal if none of the following were present: enlargement of the heart or hilar vessels; elevated diaphragm (unilateral or bilateral); pleural effusion (including intrafissural liquid); increased lung density (focal or diffuse); pulmonary edema; oligemia with or without pleonemia in the contralateral lung; consolidation suggestive of infarction; emphysema; or fibrothorax. 16 In patients with a normal or nearly normal chest radiographs in whom the 11% with nondiagnostic perfusion scans were excluded, sensitivity using revised PIOPED criteria was 86% and specificity was 93% . 16 Using PISAPED criteria, sensitivity was 72% and specificity was 97% with no nondiagnostic readings. 16 It may be, therefore, that with updated techniques, perfusion scintigraphy combined with a normal chest radiograph can provide diagnostic accuracy similar to CT angiography at a lower cost and with a lower radiation dose. 16 Answers to question 2 (33 responded; Figure 2 ). Yes. Perfusion lung scans should be obtained as a first imaging test in outpatients with a normal chest radiograph; n ¼ 15 (45%). No. Perfusion lung scans typically should not replace CTA as the first imaging test; n ¼ 14 (42%). Available evidence is contradictory and issue is at ''equipoise''; n ¼ 4 (12%).
Comments regarding answers to question 2. Several responded that they would opt for perfusion imaging only if the patient were pregnant or young or had a contraindication to CTA, as with chronic kidney disease. Regarding pregnant women, a perfusion scan only (preferably SPECT) with reduced dose of isotope was recommended by the European Association of Nuclear Medicine. 14 Some suggested that patients with emphysema, chronic obstructive pulmonary disease, or poorly controlled asthma may require a ventilation scan in addition to a perfusion scan even if the chest radiograph appears nearly normal. Some suggested use of the PISAPED criteria for interpretation. Data based on 2005 Medicare claims showed that among patients who had chest imaging for suspected PE, only 4% had perfusion scans without ventilation scans. 6 This database also showed that 72% of patients with suspected PE had a chest radiograph on the ''same day as PE symptoms or diagnosis.'' 6 Question 3. Should SPECT V/Q scans be substituted for planar V/Q scans in patients with suspected acute PE?
Background to question 3. Single photon emission CT V/Q, compared with traditional planar V/Q imaging, offers the advantages of tomographic sections. 17 Dual-and tripleheaded gamma cameras with ultra-high-resolution collimators subsequently have been developed. New radiopharmaceuticals for ventilatory studies also have been developed, prominent among which is 99m Tc Technegas (Cyclomedica, Lucas Heights, Australia). It consists of ultrafine carbon particles that behave physiologically like a gas, 18 but it has not yet been approved by the US Food and Drug Administration.
Nondiagnostic SPECT V/Q scans were reported in 3% by most investigators. 17 Among the advantages of SPECT is the avoidance of overlapping of small perfusion defects by normal tissue. 19 SPECT, in addition, has a higher contrast resolution than planar V/Q. 20 It can, therefore, detect abnormalities particularly at the subsegmental level and in the lung bases, where the segments are tightly packed. 20 Single photon emission CT V/Q scans, compared with planar V/Q scans, showed more and better delineated mismatched defects, improved quantification, and less interobserver variation. 21 Review showed that the sensitivity of SPECT was often higher than planar V/Q. 17 Specificity of SPECT was sometimes, but not always, higher than planar V/Q scans. 17 Answers to question 3 (28 responded). Yes. Evidence indicates that SPECT V/Q scans give fewer nondiagnostic images than planar V/Q scans with a higher sensitivity and specificity; n ¼ 11 (36%). No. The time and effort in obtaining SPECT V/Q scans are not worth the potential benefit; n ¼ 4 (14%). Evidence is contradictory and issue is at ''equipoise''; n ¼ 13 (46%).
Comments regarding answers to question 3. There is no added time or effort to perform SPECT. In the opinion of 1 respondent, however, SPECT requires an adjustment of the interpretation criteria; PIOPED or PISAPED criteria cannot be simply transposed to SPECT. Time is required for clinicians to become familiar with SPECT and its interpretation. Reformatting techniques of the SPECT data may facilitate interpretation during this adjustment period. Question 4. Is there need for a prospective study of SPECT V/Q imaging versus planar V/Q imaging?
Answers to question 4 (32 responded). Yes. n ¼ 25 (78%); no. n ¼ 7 (22%).
Comments regarding answers to question 4. The majority who voted ''no'' was from Europe or Australia, where SPECT is frequently used. In their experience, the clinical evidence is overwhelming, compelling that SPECT is superior to planar imaging. Some voted ''yes'' because most published investigations are retrospective.
Question 5. Would SPECT perfusion lung scans alone
(without ventilation imaging) be a first choice for imaging in patients with suspected acute PE and a normal or nearly normal chest radiograph?
Background to question 5. Perfusion imaging alone, in comparison to V/Q scintigraphy, is more rapidly obtained, exposes the patient to less radiation, and is less expensive. We are not aware of literature showing the accuracy of SPECT perfusion scans used in patients with a normal or nearly normal chest radiograph. Planar perfusion scans in patients with a normal chest radiograph showed good results. 16 Single photon emission CT V/Q scans, irrespective of the findings on the chest radiograph, also showed good results. 17 Answers to question 5 (28 responded). Yes. Although unproven, the potential advantages of SPECT perfusion scans are apparent; n ¼ 7 (25%). Yes, SPECT perfusion scans are appropriate, but only if the PISAPED criteria are used; n ¼ 2 (7%). No. SPECT perfusion scans in patients with a normal chest radiograph are untested; n ¼ 15 (54%). Available evidence is contradictory and issue is at ''equipoise''; n ¼ 4 (14%).
Comments regarding answers to question 5. Single photon emission CT may be difficult to interpret with perfusion imaging alone and ventilation imaging is needed. The amount of additional radiation with ventilation imaging is small, and it is particularly important in patients with pneumonia, chronic obstructive pulmonary disease, and heart failure. 22 Ventilation imaging is easy to obtain, particularly if one has access to 99m Tc Technegas. Question 6. Is there a need for a prospective study of the accuracy of SPECT perfusion scans compared with planar perfusion scans in patients with a normal chest radiograph?
Answers to question 6 (31 responded). Yes. n ¼ 22 (71%); no. n ¼ 9 (29%).
Comments to question 6. If SPECT ventilation scans can be safely omitted, scanning time can be nearly halved. Therefore, such a study would be useful. Single photon emission CT perfusion scans could be obtained in critically ill patients, which adds to its potential importance. However, such a study may not be necessary, because it is generally agreed that SPECT is superior to planar imaging. Question 7. Should gadolinium-enhanced magnetic angiography be recommended for patients with suspected PE?
Background to question 7. Magnetic resonance (MR) angiography in PIOPED III was shown to be technically inadequate in 25% of patients. 23 The proportion of technically inadequate images at various centers, however, ranged from 11% to 52%. Technically adequate MR angiography had a sensitivity of 78% and specificity of 99%. The combination of a technically adequate MR angiography/MR venography had a higher sensitivity of 92% and specificity was 96%, but 52% of patients had technically inadequate tests. 23 The PIOPED III investigators recommended that MR angiography should only be considered at centers that routinely perform it well, and for patients who have contraindications to standard tests. Finally, the development of nephrogenic systemic fibrosis has been correlated with the increasing use of gadolinium-based MR angiography contrast agents in patients with kidney disease. The risk of nephrogenic systemic fibrosis, however, is low, even in patients with chronic kidney disease. 24, 25 Even so, it is recommended that in patients with moderate-to-end stage kidney disease, imaging methods other than MR angiography with a gadoliniumbased contrast agent should be selected whenever possible. 24 Answers to question 7 (32 responded). Yes. The literature is contradictory but MR angiography and MR venography are safe tests in patients with adequate renal function and are accurate; n ¼ 0 (0%). No. Gadolinium-basedd MR angiography/MR venography is not a recommended imaging test for PE in view of many other alternative approaches; n ¼ 13 (41%). Gadolinium-based MR angiography/MR venography is an appropriate alternative imaging test for PE at centers with experience with it in patients with suspected PE and demonstrated capability of obtaining a high proportion of technically adequate images; n ¼ 19 (59%). Background to question 8. Serial noninvasive leg tests in patients with suspected PE who had nondiagnostic V/Q scans can be used to safely exclude PE. Among patients with suspected PE who had a nondiagnostic V/Q scan, normal cardiorespiratory reserve, and negative serial impedance plethysmograms, PE at 3 months follow-up occurred in only 0.6% (4 of 627). 26 In those with suspected PE who had a low probability clinical assessment with a nondiagnostic V/Q scan and negative serial compression ultrasound studies, PE at 3 months follow-up occurred in only 0.5% (2 of 443). 27 In such patients with an intermediate probability clinical assessment, PE occurred in 0.4% (1 of 248). 27 Even a single negative compression ultrasound in patients with suspected DVT, if it included both the calf veins and thigh veins, resulted in few occurrences of PE on follow-up of untreated patients. 28 Answers to question 8 (33 responded; Figure 3 ). Yes. Serial noninvasive leg tests are a useful option after triage with objective clinical assessment and D-dimer as an alternative to lung imaging; n ¼ 6 (18%). No. With many safe and accurate imaging options available, serial noninvasive leg tests are rarely if ever indicated; n ¼ 23 (70%). Serial noninvasive leg tests can be used safely, but only if the patient is known to be compliant and can be expected to appear for follow-up examinations; n ¼ 4 (12%).
Comments to question 8. Serial leg tests were more valuable in the past when most patients had an indeterminate V/Q scan and CTA was not yet available. Some would consider serial venous ultrasound tests only if there is a high clinical suspicion of DVT. Question 9. What is the most appropriate diagnostic approach to a hemodynamically unstable patient with suspected PE?
Background to question 9. Recommendations by the PIOPED II investigators for patients in extremis were bedside echocardiography in combination with bedside leg ultrasonography because they are rapidly obtainable bedside tests. 29 Right ventricular enlargement or poor right ventricular function, in a proper clinical setting, can be interpreted as resulting from PE. Venous ultrasound, in the appropriate clinical setting, also indicates PE. A portable perfusion scan was recommended by some. 29 Immediate transfer to an interventional catheterization laboratory was also recommended by some.
Answers to question 9 (32 responded). Immediate CTA; n ¼ 10 (31%). Transfer to cardiac catheterization laboratory for digital pulmonary angiogram and possible catheter intervention; n ¼ 1 (3%). Bedside echocardiography in combination with bedside leg ultrasonography. Right ventricular enlargement or poor right ventricular function, in a proper clinical setting, can be interpreted as resulting from PE; n ¼ 6 (19%). Venous ultrasound alone. In the appropriate clinical setting, a positive venous ultrasound indicates PE; n ¼ 0 (0%). Portable perfusion scan alone; n ¼ 2 (6%). Any of the above depending on facilities available; n ¼ 5 (16%). Any of the above except CTA, depending on the facilities available; n ¼ 6 (19%).Portable perfusion scan and venous ultrasound; n ¼ 2 (6%).
Comments to question 9. The echocardiogram in unstable patients provides invaluable information related to cardiac function and reserve according to some. Transesophageal echocardiography is often useful. If the patient can tolerate a CTA, it is the easiest and most available test. Some obtain an echocardiogram, then administer thrombolytic agents and follow thrombolytic therapy with a CTA. If the patients were not in shock, they would obtain an echocardiogram followed by a CTA prior to thrombolytic therapy. Question 10. What is the role of venous ultrasound in a hemodynamically stable pregnant woman with suspected acute PE?
Background to question 10. Venous ultrasound detects DVT in 13% to 15% of patients with suspected PE 30, 31 and in 29% with proven PE, 31 eliminating the need for radiographic imaging in those patients. The positivity rate, in the absence of signs or symptoms is 8% and in the absence of a history of DVT is 13%. 2 There is growing evidence that the diagnostic quality of CT scanning diminishes during pregnancy, due to physiologic changes and increased noise from dense breast tissue. 32 The risk of radiation-induced cancer is increased in pregnant women because the radiation dose absorbed by the breasts increases with breast size. 33 Potentially adverse effects of gadopentetate dimeglumine on the fetus have not been determined, and it is not known to what extent it is excreted in human breast milk. 34 Some indicate that the radiation dose to the fetus from 16-slice CTA, 0.24 to 0.47 mGy at 0 months and 0.61 to 0.66 mGy at 3 months, is of the same magnitude as a V/Q scan, 0.25 to 0.36 mGy at 0 months and 0.31 to 0.32 mGy at 3 months, or a perfusion scan alone, 0.21 mGy at 0 months and 0.30 mGy at 3 months. 35 Others indicate that the absorbed dose to the fetus is less with CTA than a perfusion scan (0.01 vs 0.12 mGy). 36 These levels are below the 50 mGy threshold dose for fetal death, gross malformation, mental retardation, or induced genetic disease. [37] [38] [39] Childhood malignancy, however, may increase 1 in 16 000 per mSv. 40 The recommendations 29 of the PIOPED II investigators for pregnant patients with suspected PE were: D-dimer with clinical assessment should be obtained. If D-dimer is positive, venous ultrasound is recommended before imaging tests with ionizing radiation. Some PIOPED II investigators recommended pulmonary scintigraphy, and some recommended a CTA.
The European Association for Nuclear Medicine recommended a perfusion scan only with lower dose radioisotope. 14 Answers to question 10 (33 responded; Figure 4 ). Venous ultrasound should be the first test; n ¼ 21 (63%). Chest imaging should be the first test (either CTA or V/Q scan); n ¼ 9 (27%). Available evidence is contradictory and issue is at ''equipoise''; n ¼ 3 (9%).
Comments to question 10. ''There is no excuse for not performing a venous ultrasound as a first test in stable pregnant patents,'' according to 1 respondent. Others would obtain venous ultrasound first only if there are signs or symptom or a history of DVT. Some suggest obtaining a perfusion lung scan without a ventilation scan as the first imaging test. A low dose tracer regimen for a perfusion lung scan should be considered. Others would obtain a perfusion lung scan if the venous ultrasound were negative. This would be appropriate if a radioaerosol, such as 99m Tc-diethylenetriaminepentaacetate (DTPA), is used for ventilation imaging because it is cleared by the kidneys and results in some fetal radiation. 41 However, Technegas essentially stays in the lungs and results in no fetal radiation. 41 The fetal dose with a V/Q scan using 99m Tc Technegas and CTA are equally negligible, provided the CTA is limited to the thorax and CT venography is not obtained. 41 Others believe that rapid diagnosis is crucial and radiation is a secondary issue. If a CTA is selected, imaging should be strictly limited to the thoracic cavity, and low kVp, if applicable, should be utilized. In a survey of 47 emergency department physicians, 36% preferred venous ultrasound, 32% preferred CTA, 17% preferred V/Q lung scans, and 11% preferred perfusion scans only and as the first diagnostic tests. 42 Radiologists preferred similar proportions. 42 Some pointed out that arterial enhancement of CTAs in pregnant women is diminished, presumably due to high cardiac output. 43 Suboptimal CTAs were more than 3 times higher in pregnant patients. 44 Protocols for CTAs, therefore, should be modified in pregnant women. 32 Question 11. What is the most appropriate diagnostic approach to hemodynamically stable nonpregnant young female with suspected acute PE and a normal chest radiograph?
Background to question 11. Recommendations 29 of the PIOPED II investigators for women of reproductive age were:
If D-dimer is positive, venous ultrasound was the next diagnostic test but is optional.
Pulmonary scintigraphy was recommended by some PIOPED II investigators as the next imaging test. A CTA with venous ultrasound was recommended as an acceptable alternative. If a CT venogram is deemed necessary, it was considered advisable to start at the acetabulum to reduce gonadal irradiation.
The risk of death from undiagnosed PE far exceeds the risk of radiation-induced malignancy. The absorbed dose to the breast with CTA has been calculated as 10 to 50 mGy. 36, 45, 46 The absorbed dose to the breast with a perfusion lung scan has been estimated to be 0.28 mGy. 36 Several strategies, however, including dose modulation, low kVp, and breast shields have reduced the total breast dose on CTA. [47] [48] [49] A concern is repeated imaging and repeated exposure to radiation. 50, 51 Approximately one third of patients who received a CTA for PE in the emergency department had a second CTA within 5 years 51 ; one sixth 51 had 3. According to the linear no-threshold model, cumulative exposure over a lifetime is linearly associated with an increased risk of cancer. 52 Pulmonary scintigraphy would minimize breast radiation. In PIOPED I, a V/Q scan in patients with a normal chest radiographic was diagnostic (high probability or normal/nearly normal) in 52% of patients with suspected PE. 53 More recently, a V/Q scan was shown to be diagnostic in 91% of patients with suspected PE and a normal chest radiograph. 54 Some, using revised PIOPED criteria, found good results with perfusion scans alone in patients with a normal or nearly normal chest radiograph. 16 Only 11% had nondiagnostic perfusion scans. 16 In those in whom nondiagnostic perfusion scans were excluded, sensitivity was 86% and specificity was 93%. 16 Using PISAPED criteria diagnostic accuracy was similar, but there were no nondiagnostic perfusion scans. 16 Answers to question 11 (33 responded; Figure 5 ). Perfusion lung scan; n ¼ 16 (48%). Venous ultrasound followed by perfusion lung scan if ultrasound is negative; n ¼ 8 (24%). Venous ultrasound followed by CTA if ultrasound is negative; n ¼ 1 (3%). Computed tomography angiogram; n ¼ 6 (18%). Single venous ultrasound; n ¼ 0 (0%). Serial venous ultrasound if single ultrasound is negative; n ¼ 1 (3%). Available evidence is contradictory and issue is at ''equipoise''; n ¼ 1 (3%).
Comments to question 11. Some suggested using V/Q scans rather than a perfusion scan alone. Some stated that perfusion lung scans (without ventilation lung scans) have not been sufficiently validated as options. Others, to the contrary, believe that the evidence in favor of perfusion scans alone is ''unquestionable.'' Some felt so strongly, that they ''cannot think of a situation where CTA would be preferred in a young person with a normal chest radiograph. Others believe that rapid diagnosis is more important than exposure to radiation. Therefore, CTA should be obtained. Survey of 48 emergency department physicians and 57 radiologists showed that 76% and 70%, respectively, preferred CTA as the first-line diagnostic test. 42 Question 12. What is the most appropriate diagnostic approach to a hemodynamically stable nonpregnant young female with suspected acute PE and an abnormal chest radiograph?
Background to question 12. Perfusion scans obtained in PIOPED II using the modified PIOPED criteria, were ''nondiagnostic'' in 45% of patients with an abnormal chest radiograph. 16 After excluding those with nondiagnostic results, the sensitivity of a ''PE Present'' perfusion scan was 78%, and the specificity of ''PE Absent'' was 91%. Using the PISAPED criteria, no patients had a nondiagnostic perfusion scan with an abnormal chest radiograph. 16 The sensitivity of a ''PE Present'' perfusion scan by PISAPED criteria was 82% and the specificity of ''PE Absent'' was 97%.
Answers to question 12 (32 responded). After triage with clinical assessment and D-dimer, if the chest radiograph is abnormal and further testing is indicated, obtain: V/Q lung scan; n ¼ 6 (19%). Venous ultrasound followed by a V/Q lung scan if ultrasound is negative; n ¼ 6 (19%). Computed tomography angiogram; n ¼ 20 (63%). Single venous ultrasound; n ¼ 0. Serial venous ultrasounds if single ultrasound is negative; n ¼ 0.
Comments to question 12. The preferred method of imaging depends on the abnormality on the chest radiograph. If there were severe lung disease, CTA would be preferred. A baseline V/Q scan would be useful after the chest radiograph clears. Questions 13 to 16: Relate to the most appropriate diagnostic approach to a hemodynamically stable patients stratified according to age, gender, and whether the chest radiograph is normal or abnormal.
Background to questions 13 to 16. Computed tomography angiography is being used excessively, with CTA showing PE in 10% of patients in some emergency departments. 55 Female glandular breast dose may be 10 to 20 mGy 36, 45 and as high as 190 mGy in a full figured woman. 33 This may be equivalent to 300 to 1000 chest radiographs. 33 The lifetime attributable risk 56 of cancer following a 64-detector CT coronary angiogram in a 20-year-old woman may be 1 in 143. The risk drops sharply with the patient's age. 56 The risk estimate, however, is based on extrapolated data from Japanese atomic bomb survivors to a US population with different baseline cancer rates and differences in relative biological effects between x-rays and other types of ionizing radiation. 56 Breast irradiation with V/Q scintigraphy is much lower than with CTA, approximately 0.28 to 0.9 mGy. 57 Question 13. What is the most appropriate diagnostic approach to hemodynamically stable older men or women with a normal chest radiograph?
Answers to questions 13 (33 responded). All of the following assume that triage with D-dimer and clinical assessment failed to exclude PE.
The risk of radiation-induced cancer is small. CTA is the most convenient and definitive approach and should be the first imaging test in older men and women with normal chest radiograph; n ¼ 19 (58%). An effort should be made to reduce radiation in all patients. Therefore, a perfusion lung scan should be the first imaging test in older men and women with a normal chest radiograph; n ¼ 6 (18%). V/Q lung scan should be the first imaging test in older men and women with a normal chest radiograph; n ¼ 6 (18%). Chest imaging should be obtained only if the venous ultrasound is negative; n ¼ 1(3%). Available evidence is contradictory and issue is at ''equipoise''; n ¼ 1 (3%).
Comments to question 13. High likelihood of comorbid pathology makes CTA more attractive in older patients. The choice depends on how abnormal the chest radiograph is. A perfusion scan might be higher yield if the chest radiograph is minimally abnormal. Question 14. What is the most appropriate diagnostic approach to hemodynamically stable older men or women with an abnormal chest radiograph?
Answers to questions 14 (32 responded). Computed tomography pulmonary angiography should be the first imaging test in older men and women with an abnormal chest radiograph; n ¼ 26 (81%). A V/Q lung scan should be the first imaging test in older men and women with an abnormal chest radiograph; n ¼ 3 (9%). Chest imaging should be obtained only if the venous ultrasound is negative; n ¼ 2 (6%). Available evidence is contradictory and issue is at ''equipoise''; n ¼ 1 (3%).
Comments to question 14. The risk of radiation-induced malignancy in older patients, particularly older men is small. Figure 5 . Proportion of respondents to question 11 who recommended the following first tests in a young female with a normal chest radiograph (CXR): computed tomographic pulmonary angiography (CTA), venous compression ultrasound (US) followed by CTA, perfusion (Q) lung scan, US followed by Q scan, or serial US.
Computed tomography angiography may be useful for evaluation of the lung ''abnormality'' shown on the chest radiograph. Even so, many patients with PE who have an abnormal chest radiograph will have a V/Q mismatch elsewhere, so the V/Q scan has potential value. Question 15. What is the most appropriate diagnostic approach to hemodynamically stable young men with a normal chest radiograph?
Answers to questions 15 (32 responded) . Even though the effect of radiation on male reproduction is uncertain, CTA should be the first imaging test in young men with a normal chest radiograph; n ¼ 9 (28%).
A perfusion lung scan should be the first imaging test in a young man with a normal chest radiograph; n ¼ 11 (34%). A V/Q lung scan should be the first imaging test in young men with a normal chest radiograph; n ¼ 7 (22%). Chest imaging should be obtained only if the venous ultrasound is negative; n ¼ 3 (9%). Available evidence is contradictory and issue is at ''equipoise''; n ¼ 2 (6%)
Comments to question 15. In young men with a normal chest radiograph, opinions differed. Question 16. What is the most appropriate diagnostic approach to hemodynamically stable young men with an abnormal chest radiograph?
Answers to questions 16 (31 responded) . Although the effect on male reproduction is uncertain, CTA should be the first imaging test in young men with an abnormal chest radiograph; n ¼ 21 (68%). A V/Q lung scan should be the first imaging test in young men with an abnormal hest radiograph; n ¼ 5 (16%). Chest imaging should be obtained only if the venous ultrasound is negative; n ¼ 5 (16%).
Comments to question 16. Whole body and chest radiation in men are of less concern than breast radiation in women. Computed tomography angiography is warranted because V/Q's scans are often nondiagnostic.
Conclusion
Even among experts there were marked differences of opinion regarding the optimal approach to the diagnosis of acute PE. There was no statistically significant difference in responses of radiologists or nuclear medicine physicians compared with nonradiologists. Although CTA was usually the imaging test of choice, the respondents were keenly aware of the dangers of ionizing radiation. In view of advances in scintigraphic diagnosis since PIOPED I, V/Q scans or perfusion scans alone and SPECT are often recommended. The choice depends on the patient's age, gender, and complexity of the findings on the plain chest radiograph. 
